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Introduction
The aim of this paper is to build an aggregate macroeconometric model for the Euro economy as a whole instead of linking similar national models. The growing integration in Europe manifested in the European Monetary Union (EMU) promotes a treatment of the Euro area as a single economy. As a consequence output, employment, consumption, investment and so on are explained on the Euro area wide level. They do not result by summing up the outcomes of country specific models.
The Euro area modeling approach is important for several reasons. Since the introduction of the EMU in 1999, monetary policy is conducted on the supra-national level, and this enforces a better understanding of the mechanisms of the Euro economy. In addition the interactions between the major poles in the world economy -the US, Europe and Japan -can be modelled more easier. This is also true for developments affecting the Eurozone as a whole, for example the impact of an eastern enlargement of the European Union. Moreover it may be argued that area wide functions outperform the national ones under several statistical criteria due to an aggregation effect, see Fagan and Henry (1998) in the case of money demand. As a drawback, heterogeneity across the euro member countries is neglected. For example the effects of fiscal policies can not be analysed in such a model. Fiscal policy remains under the control of the national authorities and differs among the member states. Also an investigation of economic convergence between the regions would require a more disaggregated framework, which has to be build on the linkage of several national models.
Currently a few other structural models aggregated either for the Eurozone or the European Union exist, see Henry (1999) , Fagan, Henry and Mestre (2001) and Bagnai and Carlucci (2003) . As usual empirical analysis is done within an error correction frame-work in order to capture the nonstationarity of most variables. In previous work, estimation relies on the two step procedure suggested by Engle and Granger (1987) . In contrast this paper employs more robust regression techniques. As a rule cointegrating relations are estimated jointly with the short run dynamics in one step, see Stock and Watson (1993) . This avoids the well known bias of the two step procedure arising in finite samples. After the estimation the cointegrating relations are often restricted according to economic theory, provided that the restrictions are supported on empirical grounds. The model is suited as a tool especially for policy and shock analysis, but is also designed to derive forecasts for Euro area aggregates. In contrast to the popular view, prediction errors are often smaller than those from time series alternatives. Most of the dataset in this study is published and updated regularly in the Monthly Bulletin of the European Central Bank (ECB), which is freely available on the Internet (www.ecb.int). All data correspond to the new European accounting system (ESA95).
The paper is organized in six sections. Section 2 reviews the general structure and the properties of the theoretical framework, while in Section 3 econometric and data issues are discussed. Section 4 provides estimation details for some equations. In particular factor demand equations, foreign trade relations and the wage price nexus are considered. In Section 5 out-of-sample forecasts are carried out, and the forecasting performance of the model is compared to time series alternatives. In section 6, two simulation exercises are discussed, namely a a slower expansion of international trade and a shock in the short term nominal interest rate. Section 7 concludes. Finally estimation and test results for all equations are put together in an appendix, which comes after the main text.
Model structure
The underpinning theoretical framework refers to an open economy, where markets are competitive. Agents have been aggregated into the sectors of households, firms, government and foreign countries. Within each sector individuals are assumed to be homogeneous. The model includes the goods, labor and financial asset markets, and the latter consists of money, bonds and foreign exchange. Private households and firms maximize individual utilities or profits, respectively. Because the model is not designed to evaluate fiscal policies, government is broadly treated as exogeneous. At the present stage the behaviour in the foreign countries is also left unexplained. This implies that the economic performance in Euroland does not affect the rest of the world. In reality, given the weight of the euro area in the world economy, spillovers are expected and have additional feedbacks on the Eurozone. However empirical evidence for the US suggests that the these impacts are small compared to the magnitude of the initial shocks, see Fair (1994) . Table 1 provides an brief overview of the model. Most equations are fairly standard, see Romer (1996) for a textbook discussion. On the supply side of the goods market, potential output and factor demand are explained. Potential output stems from Cobb-Douglas production with constant returns of scale, labor and capital as input factors and labor augmenting technological progress. 1 If potential output is realized, both inputs are employed at effective levels. For the capital stock, this is assumed to be the actual level, while for the labor series the effective input must be estimated. This is done on the grounds of the time varying NAIRU concept, see Gordon (1997) . Because of the persis-tent effects in the course of European unemployment, the NAIRU is a moving average of the actual unemployment rate and exogeneous. Because of its structural determinants, the NAIRU is better investigated on microeconometric grounds. Jones (1995a Jones ( , 1995b .
Because of the sluggishment of wage and price adjustment in the real world, the model is demand driven in the short run. Actual output (GDP) is equal to the sum of the demand components. Private consumption depends on disposable income in the long run, according to the stochastic permanent income life-cycle hypothesis, see Campbell and Mankiw (1991) . Because disposable income is currently unavailable for the Eurozone, consumption is linked to GDP. Government consumption is explained by GDP and the demand for investment in fixed capital is part of the supply block.
In the foreign trade sector exports and imports are modelled separately. Exports depend on the real exchange rate of the Euro and the level of world demand, while imports are explained by domestic demand and the real exchange rate, see Senhadji-Semlali (1998) .
The level of world demand is proxied by world imports. This series is explained by weighted GDP in the three major economic regions (US, Japan, Euroland) and a linear time trend capturing the increase in globalization. Due to data availability, foreign trade variables rely on a gross concept and include intra and extra area flows. In the aggregate, intra area trade will cancel out.
Disequilibria between supply and demand on the labor and goods market are represented by the unemployment rate and the capacity utilization rate, respectively. The former is defined as the ratio between the unemployed and the labor force, while the latter is the ratio between actual and potential output and a proxy for the output gap.
The disequilibria are important factors in explaining the short-run adjustments of wages and prices. In the long run, wage behaviour is modelled to ensure the existence of a vertical Phillips curve. Prices are determined as a mark up over unit labor costs, while the money stock serves as a nominal anchor to the system. Most important are the prices for domestic demand and imports. Other indices are explained as a linear combination of these key prices, see Fagan, Henry and Mestre (2001) . First degree homogeneity is imposed and can be verified on empirical grounds.
The equilibrium value of the interest rate on the money market is determined by a Taylor rule which gives equal weights to the output and inflation gap, see Taylor (1993) . In particular the inflation gap is the difference between actual inflation and some target level, which can be determined by the ECB. In addition the interest rate fluctuates one to one with inflation. The interest rate on the bond market is explained by its correspon-dence in the foreign countries and by the money market rate. The inclusion of the latter can be justified on the grounds of the expectations theory of the term structure, see Campbell and Shiller (1987) . Thus monetary policy has an impact on the long term nominal interest rate.
The nominal exchange rate of the Euro against the US-Dollar is modelled with respect to uncovered interest parity, while the rate against the Yen is modelled conditional to the former. Due to policy behavior, UIP is more easier fulfilled for the long term interest rates (McCallum, 1994) . Given the path of the consumer prices in the two foreign countries, a real exchange rate can be computed and this is utilized to explain the real effective exchange rate of the Euro.
Econometric methods and database
The model is build as a simultaneous equation system, where the equations are estimated separately by OLS. Alternatively, a system estimator is not be superior: if only one relation does not fit the data with sufficient accuracy, the error will spread on to the other equations as well. In order to avoid spillover effects the single equation analysis is preferred. However instrumental variables are required. Otherwise estimators are inconsistent due to the presence of the endogenous right hand variables. Thus after the OLS estimation a static simulation of the whole model is performed and one step forecasts of the endogeneous variables are generated. The forecasts are used as instruments replacing the original series, whenever endogenous regressors occur. This procedure ensures the consistency of the estimators, see Tödter (1992) .
Due to the nonstationarity of most variables, all equations are estimated in an error correction form. As a rule the long run relationships are estimated jointly with the short run dynamics as suggested by Stock and Watson (1993) . This avoids the well known finite sample bias arising in the two step procedure of Engle and Granger (1987) . Also the estimators are more robust even in the case of structural breaks, see Kremers, Ericsson and Dolado (1992) . For the test of cointegration, the critical values of Banerjee, Dolado and Mestre (1998) are appropriate. They depend on the deterministic part of the data generating process and on the number of variables in the cointegrating relationship. In the presence of a structural break, the number of variables has to be extended by 1, due to the low power of the standard unit root and cointegration tests, see Perron (1989) and
The model is estimated with quarterly and seasonal (Census X11) adjusted data. Alternatively, the ECB provides some artificial data for a long time span back to 1970, see Fagan, Henry and Mestre (2001) . However in this study a much shorter sample period is employed. Although there were important predecessors of the EMU like the European
Monetary System, a supra-national monetary policy was conducted only recently, and data from the seventies do not match the institutional criteria. Also series prior to 1991 do not reflect the ESA95 conventions, as they correspond to an older system of national accounts. Furthermore the entire region has changed: series for the unified Germany are available since 1991, and before this barrier variables rely on the western part. Given the weight of the German economy in the EMU -which is nearly one third of overall GDP-the shift will appear in the European series as well.
Hence in the longer time period structural breaks arising from various sources are un- 
Key empirical relations
According to the national accounting system the income shares of labor and capital are approximately 0.6 and 0.4. Under the traditional assumptions of constant returns of scale and perfect competition the shares are equal to the elasticities of output with respect to inputs and restrict the evaluation of the Cobb-Douglas production function. In fact only the deterministic part of the technology has to be estimated. As a result the constant growth rate of total factor productivity is about 1.5% at the annual base. Potential output is generated by taken expectations. In the analysis effective labor and capital inputs are utilized. The capital stock is determined in a recursive way where a depreciation rate of 6% per annum is assumed. Effective labor input relies on the time varying NAIRU concept, which is estimated by a bandpass filter applied to the actual unemployment rate.
The Cobb Douglas approach can be justified for several reasons. Most important empirical factor demand equations presented in table 2 are compatible with the specification. According to the first order conditions the marginal products of the input factors are equal to their real cost in the long run. This is captured by the error correction terms.
They show the expected sign in both equations and the imposed restrictions are con-firmed empirically. However the adjustment to equilibrium is more pronounced in the labor as in the capital demand equation. The residual series are broadly gaussian. In equilibrium wages are determined solely by the consumer price and the labor productivity level. In the short run, temporary unemployment may have a small regressive impact on the bargaining process. Long term unemployment does not matter at all due to insider outsider effects, see for example Blanchard and Summers (1988) .
5

Out-of-sample forecasts
One prominent application of macroeconometric models is to generate forecasts of the endogeneous variables. They also identify the status quo, which is the baseline scenario for simulation experiments. In figure 1, point forecasts for GDP growth and its main aggregates over the years are presented. The forecasting performance of the structural model is tested against several alternatives. These include ARIMA-and VAR-models for the respective variables, threshold autoregressions (nonlinear), leading indicator and principal components (dynamic factor models). All candidates were estimated until 1997.4 and forecasts for 2 and 4 quarters ahead were computed. Then the period was extended by one quarter, and the models were re-estimated. This was done until the end of the sample was reached. The forecasts are for the growth rates, except for unemployment and interest rates where levels are used. For most variables, the structural model is able to beat the alternatives at the different horizons. Figure 3 shows the consequences on the Euro GDP growth rate.
Figure 3 about here
A temporary slowdown in US growth translates into a negative demand shock in the foreign trade. Thus GDP growth in the Eurozone is lower under the alternative. Maximum deviations from status quo are roughly 0.2 percentage points of the overall growth rate. In levels, GDP decreases by 5 BN Euro per quarter, and 0.7 Mill people will losse their jobs in the Euro area. As US growth returns to the baseline, a partial recovery may be expected. Since the negative effect is only temporarily, an acceleration of US growth is implied in the alternative.
Next a shock in the interest rate is discussed. Specifically a decrease of 100 basis points in the short term rate is assumed, spanning two years from 2002 on and thereafter the rate goes back to the initial level. The left part of figure 3 reports the responses of real GDP growth, while the impacts on GDP inflation are on the right.
The temporary cut in the interest rate has no long run consequences and in the short run, the stimulating effects on economic performance are not very much pronounced. Real GDP growth accelerates by little more than 0.2 percentage points. Pressures on GDP inflation are also supposed to fall in this range. Stimulating the course of the economy without inflation seems to be difficult for monetary policy in the Eurozone.
Conclusion
In this paper a structural macroeconometric model for the Eurozone is developed. The model relies on aggregate data obtained on the supra-national level. All equations are estimated in an error correction form using the one step procedure suggested by Stock and Watson (1993) . Most relations are broadly in line with economic theory and can be justified by the means of standard specification tests. Also the validity of the aggregated approach is confirmed by several simulation exercises, which show reasonable outcomes, more or less. Here a slower expansion of the international trade and a shock in the short term nominal interest rate are discussed.
However macroeconometric modelling is a continous process. Therefore the current stage of model building should not be taken as the final version. The availability of
Euro area data will improve in the future and so, a re-specification of some equations will be on the agenda. For example the actual foreign trade figures include extra and intra area flows. A valid specification will rule out the latter series, leading to a more realistic export and import share. Moreover disposable income will replace GDP in the consumption equation, when the series is reported.
Other improvements are recommended on theoretical grounds. Model consistent expectations should be integrated, and this would require a pre-determination of the steadystate, for example according to the neoclassical growth model. The steady state, which is build solely on economic theory will affect the short-run dynamics. Also the framework can be extended by relations for the US and Japan in order to produce a consistent view of the development of the world economy. 
Investment Deflator
log(PI) = 1.162* log(PFDD)+0.202* log(PM)-0.189* log(PI(-3)) (7.74) (3.14) (2.00) -0.324*log(PI(-1))+0.187*log(PFDD(-1))+0.131*log(PM(-1)) Q is the Portmanteau statistic for autocorrelation, WHITE and ARCH are tests for heteroscedasticity and JB is the Jarque Bera test for normality of the residuals. 02  03  04  05  06  07  08  09  10 
